As the population with cardiovascular disease ages, geriatric conditions are of increasing relevance. A possible geriatric prognostic indicator may be a fall risk score, which is mandated by The Joint Commission to be measured on all hospitalized patients. The prognostic value of a fall risk score on outcomes after dismissal is not well known. Thus, we aimed to determine whether a fall risk score is associated with death and hospital readmissions in patients with a recent incident cardiovascular disease event.
P
atients are presenting at increasingly older ages with cardiovascular disease (CVD), and geriatric conditions are a growing concern for these patients. 1 Multimorbidity, frailty, cognitive decline, polypharmacy are all common among the elderly with CVD. 2 However, most clinical trials exclude older adults or enroll patients with fewer comorbidities or physical impairments. 2, 3 Therefore, it is unclear whether current standards and guidelines are adequate to guide the care of this complex and vulnerable population. 1, 2 As was recently highlighted, 1 it is essential to integrate principles of geriatrics with those of cardiology because older adults now constitute the majority patient group. Doing so, although conceptually critical, is more challenging to operationalize with providers' increasing case burden and time constraints. Extending the use of measures already used in current practice to stratify risk and plan interventions is thus an attractive and efficient approach.
One such measure is fall risk, which is of direct relevance to geriatric conditions and which The Joint Commission mandates to be assessed during hospitalizations to implement fall prevention measures in the hospital. 4 Fall risk assessments are used in the hospital but are not typically integrated into postdismissal care plans. The failure to leverage these estimates may be a missed opportunity. A fall risk score may be a proxy for frailty. Frailty has been studied in CVD and is associated with worse outcomes [5] [6] [7] [8] [9] [10] ; however, the association specifically between a fall risk score and the outcomes of death and hospitalizations is less well studied. 11 If a fall risk score predicted adverse outcomes post-dismissal among patients with CVD, interventions to address underlying fall risk factors might improve the quantity and quality of life for these patients.
To address this question, we sought to determine whether fall risk is associated with outcomes (death and hospital readmissions) in a geographically defined population of patients hospitalized within 180 days after an incident (first ever) CVD event. The fall risk was measured by the Hendrich II fall risk model, 12, 13 and CVD events were defined as incident heart failure (HF), myocardial infarction (MI), or atrial fibrillation (AF). Conducting this study in a community population ensures complete capture of outcomes and provides results that are of high clinical relevance.
METHODS

Study Setting
This study was conducted in Olmsted County, MN (2010 population: 144 243). Olmsted County has similar age, sex, and ethnic characteristics as the state of Minnesota and the upper midwest region of the United States.
14 Furthermore, age-and sex-specific mortality rates are similar for Olmsted County, the state of Minnesota, and the entire United States. 14 Our study utilized the record linkage system of the Rochester Epidemiology Project, which allows nearly complete capture of healthcare utilization and outcomes in county residents. 15 Nearly all healthcare-related events occurring in Olmsted County can be identified because this area is relatively isolated from other urban centers, and only a few providers (mainly Mayo Clinic, Olmsted Medical Center, and their affiliated hospitals) deliver most health care to local residents.
The data, analytic methods, and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure.
Identification of the Patients With Incident CVD
Patients from existing incidence cohorts of HF, MI, and AF were included in the study. [16] [17] [18] If a patient had >1 of these conditions, the first condition was considered the incident CVD event.
Heart Failure
Possible HF diagnoses among Olmsted County residents ≥20 years of age between August 1, 2005, and December 31, 2011, were identified using the International Classification of DiseasesNinth Revision, Clinical Modification code 428 assigned during either an outpatient visit or a hospitalization. 16, 19, 20 Because of budget and time constraints, a random sample of 50% of patients with an HF diagnosis before 2007 was manually reviewed, whereas 100% of patients with an HF diagnosis thereafter were manually reviewed. HF diagnoses were validated by experienced nurse abstractors using the Framingham criteria. 21 An event was classified as incident if after review of the entire medical record there was no history of prior HF.
Myocardial Infarction
All patients aged ≥18 years admitted to Mayo Clinic Hospital, Rochester, MN between August 1, 2005, and December 31,
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2011, who had a troponin T level of ≥0.03 ng/mL and were assigned an International Classification of Diseases-Ninth Revision, Clinical Modification code 410 (acute MI) or 411 (other acute and subacute forms of ischemic heart disease) were identified. As we reported previously, 17, 22 validation of MI relied on standard algorithms integrating cardiac pain, electrocardiographic, and biomarker data. According to current guidelines, each case was classified by troponin T. 23 Systematic troponin T testing was initiated in 2000 and was fully implemented during the study period. The presence or absence of a change (rise or fall) between any 2 troponin T measurements was defined by a difference of at least 0.05 ng/mL, which is greater than the level of imprecision of the assay at all concentrations. 23 Circumstances that might invalidate biomarker values were recorded. 24 Troponin T was measured with a sandwich electrochemiluminescence immunoassay on the Elecsys 2010 (Roche Diagnostics Corporation, Indianapolis, IN) in the laboratories of the Department of Laboratory Medicine and Pathology, which is certified by the Clinical Laboratory Improvement Act of 1988 and the College of American Pathologists, with robust quality control in place.
Up to 3 electrocardiograms per episode were coded using the Minnesota code modular ECG analysis system. 25 According to the algorithm, MIs were classified as definite, probable, suspect, or no infarction. 22, 26 Those with a definite or probable MI were classified as an incident (first ever) MI.
Atrial Fibrillation
Incident AF or atrial flutter (collectively referred to as AF hereafter) from August 1, 2005, to December 31, 2011, among adults aged ≥18 years was identified using the International Classification of Diseases-Ninth Revision, Clinical Modification codes 427.31 and 427.32 from all providers in the Rochester Epidemiology Project and ECGs from Mayo Clinic. As described previously, both inpatient and outpatient encounters were captured, and all records were manually reviewed to validate the events. 18 AF occurring within 30 days of a coronary artery bypass graft, surgery to repair or replace a heart valve, surgery to repair an atrial septal defect, or other open heart surgery were excluded. However, a future episode of AF unrelated to a surgery (or occurring >30 days after a surgery) was considered incident among these individuals with postoperative AF.
Hendrich II Fall Risk Model
The Hendrich II fall risk model has been consistently administered at Mayo Clinic Hospital, Rochester, beginning in August 2005. It has been shown to be useful in identifying patients at high risk for falls in acute care facilities, 27 with sensitivity of 77% to 83%, specificity of 66% to 72%, and excellent interrater reliability. 28 The assessment, performed by the patient's nurse, includes screening for 8 fall risk factors: (1) confusion, disorientation, or impulsivity; (2) symptomatic depression; (3) altered bowel or bladder elimination; (4) dizziness or vertigo; (5) male sex; (6) any administered antiepileptic; (7) any administered benzodiazepine; and (8) functional mobility assessment (Get Up and Go test: rising from a chair). 12 The date of discharge for the first hospitalization within 180 days after the CVD event with a completed risk score was considered the index date. The fall risk score on or closet to the discharge date was selected for analysis.
Data Collection
Comorbidities were ascertained electronically by retrieving diagnostic codes from inpatient and outpatient encounters at all providers indexed in the Rochester Epidemiology Project. We selected comorbidities that were identified by the US Department of Health and Human Services for studying multimorbidity. 29, 30 This list contains 20 comorbidities; however, we excluded autism (n=0), HIV (n=2), and hepatitis (n=33) because of low prevalence and cardiac arrhythmias, HF, and coronary artery disease because the patients have AF, HF, and MI. Two occurrences of a code (either the same code or 2 different codes within the code set for a given disease) separated by >30 days and occurring within 5 years before the incident CVD date were required for diagnosis.
In addition, body mass index (calculated as weight [in kilograms] divided by height [in meters] squared) and smoking status were manually abstracted from the medical records at the date of the CVD event.
Outcome Ascertainment
Participants were followed for 1 year for all-cause death and hospital readmissions. Deaths were identified from inpatient and outpatient medical records, as well as death certificates received from Olmsted County and the state of Minnesota. Readmissions were identified from the Rochester Epidemiology Project, which, as described previously, includes information on all hospital care delivered to Olmsted County residents within the county. In-hospital transfers or transfers between Olmsted Medical Center and Mayo Clinic were counted as 1 hospitalization. The primary cause of death and hospitalization was further categorized into cardiovascular, using the International Classification of Diseases-Ninth Revision codes outlined by the American Heart Association, 31 and noncardiovascular.
Statistical Analysis
Baseline characteristics are presented as frequencies (percentage), mean (SD), or median (25th-75th percentile). Mantel-Haenszel χ 2 tests were used to test for trends in characteristics across fall risk groups. The Hendrich II fall risk model scores range from 0 to 16, and a score of ≥5 is considered a high risk for falls. 12 To examine a dose-response relationship, we further classified those not in the high risk group into low (score, 0-1), and moderate (score, 2-4) risk. Body mass index was dichotomized into overweight/obese (body mass index, ≥25 kg/m 2 ) or not overweight/obese (body mass index, <25 kg/m 2 ), and smoking status was categorized into ever versus never.
Cox proportional hazards regression was used to determine associations between the fall risk score and each individual component of the score with death within 1 year of follow-up. Models were run univariately and while adjusting for baseline characteristics, including age, hypertension, hyperlipidemia, diabetes mellitus, stroke, chronic kidney disease, chronic obstructive pulmonary disease, cancer, arthritis, osteoporosis, asthma, dementia, depression, schizophrenia, substance abuse, overweight/obese, and ever smoker. To test whether risk of death increased with increasing fall risk score, we tested for a trend using the score as one 3-level variable. Andersen-Gill models-a form of the Cox model that models multiple outcomes per person-were used to examine the associations between the fall risk score and each individual component with readmissions within 30 days and within 1 year, univariately and while controlling for confounders. The proportional hazards assumption was tested using the scaled Schoenfeld residuals and was found to be valid. Analyses were repeated stratified by CVD condition and among patients aged ≥65 years. Furthermore, the hospitalization analyses were repeated to analyze time to first hospitalization within 30 days and time to first hospitalization within 1 year using Cox proportional hazards regression.
All analyses were performed using SAS statistical software, version 9.4 (SAS Institute, Inc, Cary, NC). This study was approved by the Mayo Clinic and Olmsted Medical Center Institutional Review Boards.
RESULTS
Baseline Characteristics
Between August 2005 and December 2011, 3477 patients had an incident CVD event. Of these, 2777 were hospitalized at the Mayo Clinic Hospital, Rochester, on or within 180 days after their event; however, 264 died before hospital discharge, resulting in 2513 patients eligible for the study. Of these, 2456 patients (549 HF, 784 MI, 1123 AF; mean [SD] age, 71 [15] years; 55% men) had a Hendrich II fall risk assessment within 180 days of their cardiovascular (CV) event (1803 at the time of the event and 653 at a subsequent hospitalization within 180 days of their event). Within the cohort, 2277 (93%) patients were hospitalized for CV-related reasons. Approximately, 22% (n=549) of patients had a high fall risk score, and 38% (n=930) had a moderate score. This equates to 60% of patients presenting with an increased fall risk within 180 days after an incident CVD diagnosis. The proportion of patients in each fall risk score group by CVD event type is shown in Figure 1 .
A higher fall risk score was associated with the majority of comorbid conditions with the exception of asthma, hyperlipidemia, smoking, and being overweight or obese, which was associated with a lower fall risk (Table 1) . A higher fall risk score was associated with greater frequency of discharge to a skilled nursing facility (4%, 15%, and 50% for a low, moderate, and high score, respectively).
Fall Risk Score and Outcomes
Within 1 year, 362 deaths occurred (113, 53, and 196 deaths among the patients with HF, MI, and AF, respectively) equating to a 1-year mortality rate of 15% (95% CI, 13%-16%). Within the first 30 days, 18% of patients were hospitalized at least once (20%, 15%, and 19% among the patients with HF, MI, and AF, respectively). Within 1 year of follow-up, 1177 patients experienced 2325 readmissions (670, 595, and 1060 readmissions among the patients with HF, MI, and AF, respectively). The majority of outcome events were noncardiovascular related (59% of deaths within 1 year, 57% of readmissions within 30 days, and 65% of readmissions within 1 year). A strong graded positive association was noted between greater fall risk and both death and readmissions (Figure 2 ). Associations were similar when stratified by type of CVD event (Figure I in the Data Supplement) and among patients aged ≥65 years (n=1685; Figure II in the Data Supplement).
After adjustment for age, hypertension, hyperlipidemia, diabetes mellitus, stroke, chronic kidney disease, chronic obstructive pulmonary disease, cancer, arthritis, osteoporosis, asthma, dementia, depression, schizophrenia, substance abuse, ever smoking, and being overweight or obese, a moderate fall risk score was associated with a 51% increased risk of death within 1 year (hazard ratio [HR], 1.51; 95% CI, 1.09-2.08), whereas a high score was associated with a 3.5-fold increased risk of death (HR, 3.49; 95% CI, 2.52-4.85) compared with a low score ( Table 2) . For readmissions, a moderate score was associated with a 29% increased risk of hospitalization within 30 days (HR, 1.29; 95% CI, 1.03-1.62), whereas those with a high score had a 63% increased risk of hospitalization (HR, 1.63; 95% CI, 1.23-2.15). Within 1 year, patients with a moderate fall risk score had an 18% increased risk of readmissions (HR, 1.18; 95% CI, 1.02-1.36), and those with a high score had a 47% increased risk of readmissions (HR, 1.47; 95% CI, 1.22-1.76) compared with a low score. The association between the fall risk score and death and readmissions was stronger for non-CV-related events than for CV-related events (Table 2) . Similar results were found when analyses were stratified by type of CVD event (Table I in the Data Supplement) and restricted to patients aged ≥65 years (Table II in the  Data Supplement) . Furthermore, similar results were found when the hospitalization analysis was repeated analyzing only the time to first hospitalization within 30 days and within 1 year (data not shown).
The individual component of the Hendrich II fall risk model most strongly associated with death and readmissions within 1 year was functional mobility as measured by the Get Up and Go test (Figure 3 ). Altered elimination, benzodiazepine medications, and confu- Results are presented as n (%) unless otherwise specified. *One patient was missing body mass index. sion/disorientation/impulsivity were also associated with an increased risk of death within 1 year, whereas antiepileptic medications were also associated with readmission within 1 year. Dizziness/vertigo, the Get Up and Go test, and benzodiazepine medications were associated with readmissions within 30 days.
DISCUSSION
Our study of a geographically defined community documents that the majority of hospitalized patients recently diagnosed with 1 of the 3 most frequent cardiovascular events (HF, MI, or AF) have a moderate or high fall risk score, as measured by the Hendrich II fall risk model score. The high prevalence of an increased fall risk score-a geriatric prognostic indicator-underscores the burden of geriatric conditions among CVD patients in the community. Fall risk is of particular interest because its assessment is mandated during hospitalizations by The Joint Commission. 4 This systematic assessment of all patients admitted to the hospital provides us with the opportunity to document, in a community cohort, that a large majority (61%) of hospitalized patients with CVD have an elevated risk for falls. Awareness of this issue among providers is essential to define a path toward prevention.
A greater fall risk score has markedly adverse prognostic implications with a large increase in the risk of *Adjusted for age, hypertension, hyperlipidemia, diabetes mellitus, stroke, chronic kidney disease, chronic obstructive pulmonary disease, cancer, arthritis, osteoporosis, asthma, dementia, depression, schizophrenia, substance abuse, overweight/obese, and ever smoking. death and readmissions, particularly prominent for events attributed to non-CV causes. Limited functional mobility was one of the main drivers of this association. Because functional mobility is a modifiable risk factor, the current findings point to important clinical implications.
Patients With CVD Are Aging: Implications
The average life expectancy in the United States has increased 30 years since 1900.
1 Adults aged ≥65 years will comprise 19% of the population by 2030, including 19 million adults over the age of 85 years. The growth of the 85+ age group is particularly striking; it is projected to double from its current size in 2036 and triple by 2049. 1 The prevalence of most CVDs increases with age. 2 An estimated 85.6 million American adults (>1 in 3) have ≥1 types of CVD. Of these, 43.7 million are estimated to be ≥60 years of age. 31 People ≥65 years of age account for more than half of all CV-related hospitalizations and procedures in the United States and ≈80% of CV-related deaths. 31 Consequently, aspects of aging, including multimorbidity, polypharmacy, frailty, and mobility, are all important concerns for patients with CVD that should be integrated into the clinical evaluation of most patients presenting with CVD. Fall risk may be a proxy for frailty. Frailty has been well studied in CVD and is associated with poor outcomes, such as death and hospitalization.
6-10 However, importantly, frail or physically impaired patients are excluded from clinical trials. 32, 33 Thus, to the extent that current guidelines anchor their recommendations on the strongest level of evidence as afforded by clinical trials, standards may not be optimal to provide recommendations for this large proportion of patients seen in clinical practice.
Fall Risk and Outcomes
The initial purpose of the Hendrich II fall risk model is to measure fall risk during a hospitalization for the purpose of in-hospital prevention. The present study focuses on other prognostic benefits. Perhaps an even greater opportunity for the Hendrich II model is its ability to identify actionable geriatric comorbidities that impact patient outcomes. Identification of these risk factors could lead to systematic interventions to address patient-centered risk factors. Literature on the prognostic implication of fall risk in patients with CVD is scarce, and a study that did not detect an association between fall risk, measured by the Morse fall scale, and death in HF was limited by small sample size. 11 Our results expand on this aforementioned study by investigating the association between a fall risk score and death and readmission in a large community cohort of the 3 most common CVD events (HF, MI, and AF), all manually validated using standardized criteria. Patients with a moderate or high score had an increased risk of death within 1 year and an increased risk of readmissions within 30 days and 1 year, compared with a low score. The association with the fall risk score was stronger for non-CV-related events than for CV-related events.
The assessment of functional mobility by the Get Up and Go test was one of the strongest predictors of death and readmissions. This is important because functional mobility is a risk factor that, contrary to others in the Hendrich II score, is potentially modifiable. Early reports suggested a role for approaches to increase patient mobility in the hospital, [34] [35] [36] [37] which have been connected to favorable outcomes, including physical function, length of stay, costs, skilled facility placement, and 2-year mortality. [34] [35] [36] [37] [38] [39] Further, the Get Up and Go test is a relatively simple performance-based measure of mobility. Concurrent use of functional assessments encompassing additional domains could yield more precise risk estimates. However, further research is needed to understand the mechanism by which physical function affects death and hospital readmissions.
Clinical Implications
These results indicate that leveraging an existing measure of fall risk that is already part of the care process identifies patients with CVD at risk for readmissions and death. Taking this score into account to stratify risk and plan management accordingly would not augment the cost of care or reduce its efficiency. Because there is a robust rationale for interventions, mostly exercise based, to improve physical functioning and frailty, which seem to be effective among the elderly 40, 41 and patients with CVD, 42, 43 this may provide an avenue to manage these patients.
Several models of care address the unique vulnerabilities of hospitalized older adults, including consultative practices (eg, comprehensive geriatric evaluation) or unit-based models (eg, acute care for elders units). Interdisciplinary models of acute geriatric unit care have been associated with improvements in multiple outcomes, including falls, delirium, functional decline, length of stay, and frequency of nursing home discharges, 44 as well as reduced hospital costs and readmissions. 45 Similar interventions targeted to patients with CVD identified as high risk for falls could potentially improve survival and decrease readmissions, although this hypothesis should be formally tested in future studies. Indeed, these interventions may need to go beyond common fall risk interventions. Important next steps will be to design and test interdisciplinary treatment pathways that can be cost-effectively scaled to the substantial population at risk.
Our results highlight the importance of non-CVrelated conditions in patients with CVD. The Hendrich II model was designed to identify fall risk; the results of our study suggest that it may have even more utility as a marker of vulnerability, in that it may identify patients who have relevant underlying pathophysiology (eg, functional dependence, acute or chronic cognitive disorders, and issues with elimination or dizziness) that may not otherwise be considered to be a significant medical comorbidity. We have previously shown that non-CV conditions, frailty, and poor physical functioning are frequent in patients with HF and are important for prognosis. 8, [46] [47] [48] [49] [50] In addition, we and others have observed that the majority of hospitalizations and death are because of noncardiovascular causes in patients with HF, MI, and AF. 16, 19, [51] [52] [53] [54] This underscores the importance of integrating principles of geriatrics in the practice of cardiology and the need to develop guidelines, recommendations, and performance measures to specifically address issues pertinent to older adults living with CVD. This, in turn, could ultimately lead to improved patient-centered care for these complex patients.
Limitations and Strengths
Some limitations of our study deserve mention. Our results may not be generalizable to all populations; however, as mentioned previously, the Olmsted County population is representative of the state of Minnesota and the midwest region of the United States. 14 Although we cannot exclude that we may have missed some events that occurred outside of Olmsted County, in our experience, this is uncommon. We acknowledge that there are other fall risk assessment tools; however, the Hendrich II fall risk model is routinely measured on all inpatients at our institution, and we wanted to explore the utility of an existing geriatric measure used in clinical practice.
Our study also has several strengths, including the rigorous validation of HF, MI, and AF in the community. The linkage of medical records allowed for complete ascertainment of comorbidities from multiple sources of care. Furthermore, we captured multiple readmissions occurring within 1 year of follow-up and did not restrict to the first readmission or to readmissions only for cardiovascular causes, which is particularly important given that we and others 16, 19, 51, 53, 54 have reported on the burden of noncardiovascular causes of readmissions among patients with CVD.
Conclusions
More than half of hospitalized patients with a recent incident CVD diagnosis have a moderate or high risk for falls. A greater fall risk score, which may be considered a geriatric prognostic indicator, was associated with a large increase in the risk of readmissions and death. Furthermore, the fall risk score was more strongly associated with non-CV causes of death, and readmissions compared with CV causes, and the associations chiefly reflected the adverse impact of reduced mobility. Our results underscore the prognostic value of assessing the risk of fall among patients with CVD. 
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